Abstract-Mixed lymphocytes reactions (MLR) and concanavalin A (Con A) or phytohemagglutinin (PHA)-stimulated proliferative responses were dose-depend ently inhibited by salazosulfapyridine (SASP) and cyclosporin A (CsA) in the con centration ranges of 1 x 10-5-5 x 10-4 M and 10-1000 ng/ml, respectively. Such a significant inhibition was not observed with metabolites of SASP, sulfapyridine (SP) and 5-aminosalicylic acid (5-ASA). In addition, SASP and CsA inhibited the production of interleukin 2 (IL-2) from splenocytes in these experiments. The inhibitory effect of CsA on IL-2 production practically correlated with that on proliferative responses, whereas SASP showed a less marked inhibitory effect on IL-2 production than on proliferative responses. Neither SP nor 5-ASA inhibited the IL-2 production. In the Con A-induced proliferative response, SASP showed a full inhibition even when added after 4-8 hr of culture, but CsA did not. The splenocytes that were pulsed with Con A for 4 hr could proliferate in response to Con A-supernatant or purified IL-2. CsA exhibited the inhibitory activity only when present during the time of Con A-pulsing, while SASP acted on the subse quent stage of the response, exerting its inhibitory effect. These findings suggest that SASP down-regulates the immune response by a mechanism apparently distinct from that of CsA.
Salazosulfapyridine (SASP) was first re
We have already reported that SASP has a ported by Svartz (1) to be effective in the marked inhibitory effect on in vitro produc treatment of rheumatoid arthritis (RA). A high tion of antibodies, suggesting that its inhibi incidence of adverse effects such as nausea, tory effect was mediated by T cells (8) . In anorexia, dispesia and abdominal pain was addition, it was found that interleukin 2 (IL-2) reported by Scinclair and Duthie (2); since production stimulated with sheep red blood then, SASP has been used for maintenance cells (SRBC) was also inhibited by SASP. therapy of ulcerative colitis rather than for RA. Recently, we have found that SASP inhibits Thereafter, McConkey et al. (3) reevaluated the anti-DNA antibody production in auto the effectiveness of SASP in RA and papers immune mice (manuscript is in preparation). appeared describing that SASP has an anti Cyclosporin A (CsA), a fungal cyclic rheumatic effect comparable to those of D polypeptide, is an immunosuppressive agent penicillamine and gold compounds (4, 5). used as a rejection inhibitor in organ trans Moreover, the effect of SASP was evaluated plantation, which acts principally by inhibit in experiments using animal models (6, 7), ing T cell functions. In particular, much infor but the mechanism underlying the anti mation is available concerning the effect of rheumatic effect of SASP remains unclear. CsA on IL-2 production and IL-2 receptor (R) Accordingly, it is important to elucidate the expression (9) (10) (11) (12) (13) . In this study, the effects immunopharmacological action of SASP.
of SASP on the proliferation and IL-2 produc tion induced by alloantigen, concanavalin A " To whom all correspondence should be addressed .
(Con A) or phytohemaggulutinin (PHA), in which T cells are the dominant responder, cells (2x105) were cultured for 2 days with were investigated and compared with those of an optimal concentration of Con A (5 /cg/ml) CsA. Additionally, the major metabolites of or PHA (50 fig/ml) in the presence of varying SASP, sulfapyridine (SP) and 5-aminosalicy concentrations of test drugs in 0.2 ml of 5% lic acid (5-ASA), were also evaluated for FCS-RPMI-1640 medium using 96-well their effects.
round-bottomed microculture plates (NUNC).
Cultures were pulsed with 3H-TdR (18.5 Materials and Methods kBq) for 18 hr , and the radioactivity incorpo Animals: The BALB/c mice and C57BL/6 rated into cells were measured as described mice (female, used at 8-10 weeks of age) above. For IL-2 production, spleen cells (5x were purchased from Charles River, Inc.
105) were stimulated with Con A (5 ,ug/ml) Reagents: Reagents used were obtained or PHA (100 ig/ml) in the presence of from the following sources: Con A, Sigma; varying concentrations of test drugs in 1 ml of PHA-P, DIFCO; fetal calf serum (FCS), Cell 5% FCS-RPMI-1640 medium using 24-well Culture Technology; [6-3H] thymidine (3H multidishes (NUNC). After 24 hr, the super TdR), Amersham International. RPMI-1640 natants were collected and assayed for IL-2 medium (Flow Laboratories) was sup activity. plemented with penicillin G (100 U/ml) and
The procedure for removing Con A from streptomycin (100 fig/ml). L-Glutamine spleen cells after a Con A-pulse was as fol (Tokyo Chemical Industry) at 2 mM was lows: Spleen cells were stimulated with Con added to the culture medium only for the A for 4 hr and harvested. After being washed, mixed lymphocytes reactions (MLR). SASP, they were incubated for 30 min in minimum SP and 5-ASA (Pharmacia LEO Therapeutics essential medium (MEM, Nissui Pharmaceuti AB) were dissolved in RPMI-1640 medium cal Co., Ltd.) containing 20 mg/ml methyl-a containing NaOH (the final concentration D-mannopyranoside (a-MM, Sigma), 10 mM was 3.3X10-4 N). CsA (Sandoz) was dis HEPES (Sigma) and 10% FCS, and then solved in RPMI-1640 medium containing washed in three changes of MEM. The re dimethyl sulphoxide (DMSO, the final con sulting cells were recultured in the presence of centration was 0.025% v/v) as described by 50% v/v Con A-supernatant (CAS) or 100 Bunjes et al. (9) . Each drug was diluted and U/ml human ultrapure IL-2 (GUPI-2, added to the cultures. Prior to this study, Genzyme), and the proliferative response was these solvents were ascertained not to in determined. CAS was prepared as described fluence relevant reactions and cellular sur by Larsson and Conutinho (14) . Briefly, vivals.
BALB/c mouse spleen cells (5x106/Ml) MLR: Spleen cells (5x105) from BALB/c were cultured with Con A (5 /cg/ml) in 10% mice as responders and X-ray (3000 rad) ir FCS-1640 medium using a culture flask (25 radiated spleen cells (5X105) from C57BL/6 cm2, 50 ml, NUNC). After 20 hr, the super mice as stimulators were co-cultured for 3 natant, CAS, was withdrawn and added with days with varying concentrations of test 20 mg/ml a-MM to neutralize Con A ac drugs in 0.2 ml of 10% FCS-RPMI-1640 me tivity. Because the proliferative response of dium using 96-well flat-bottomed microcul spleen cells could not be induced by CAS ture plates (NUNC) and pulsed with 3H-TdR alone, Con A in CAS was ascertained to be (18.5 kBq) for an additional 18 hr. The cells inactivated. The CAS so prepared was stored were harvested on glass fiber filters, and the at -20°C until use. incorporated radioactivity was measured with IL-2 assay: IL-2 activity of culture super a liquid scintillation counter. Moreover, the natants was measured by bioassay using activity of IL-2 in the culture supernatant on CTLL-2 cells (supplied by Dr. K. Kohno, day 2 was measured by the method described Hayashibara Biochemical Laboratories, Inc.), below.
an I L-2 dependent murine cytotoxic T cell line Con A and PHA-response: Con A and (15) . The assay was carried out according to PHA-induced proliferative responses were Kohno et al. (16) . Briefly, two-fold serial determined as follows. BALB/c mouse spleen dilutions of culture supernatants were added to the culture of CTLL-2 (4x103) for 24 hr in After being washed , they were incubated for a 96-well flat-bottomed microculture plate. 30 min. This procedure was repeated one They were pulsed with 3H-TdR (9.25 kBq) more time. The resulting cells were resus for the last 6 hr, and the radioactivity incor pended in 1 ml of appropriately diluted culture ported into CTLL-2 cells was determined.
supernatant (including IL-2 activity) obtained The IL-2 activity yielding 50% of the maxi from BALB/c mouse splenocytes stimulated mum 3H-TdR uptake of standard IL-2 prepa with Con A for 24 hr and supplemented with ration was defined as one unit according to 20 mg/ml a-MM, and incubated for 2 hr with the method of Gillis et al. (17) . Because the occasional shaking . After centrifugation, the IL-2 activity of culture supernatants from residual IL-2 activity of the resulting super cells stimulated with alloantigen or PHA was natant was assayed by the above-mentioned low and its activity could not be defined in method. terms of units, it was expressed by the CTLL Statistical analysis: All results are expressed 2 cell proliferation induced by a test sample in as the arithmetic mean+S.D. of triplicate sets an appropriate dilution.
of a typical experiment in several independent IL-2 R assay: According to the method of studies. Statistical significance was analyzed Altman et al. (18) dependent manner with inhibition rates of CsA, an IL-2 inhibitor, significantly inhibited 45% at 1 x 10-4 M, 86% at 2 x10-4 M and IL-2 production by 46% at 100 ng/ml and 98% at 5x10-4 M. SP, one of the major 95% at 1000 ng/mI (Fig. 2B) . Any of SASP, metabolites of SASP, failed to suppress this SP, 5-ASA and CsA at the doses used in the proliferative response, and the other metabo present study was ascertained not to directly lite 5-ASA had a weak inhibitory effect.
influence IL-2-dependent proliferation of Consistent with the previous report by Hess CTLL-2 cells, although the data are not shown et al. (11) , CsA produced a dose-dependent here. inhibitory effect in the concentration range Effects of SASP and CsA on Con A and of 10 to 1000 ng/ml, as shown by its inhibi PHA-induced proliferative responses and IL tion rate of 66% at 100 ng/ml and 88% at 1000 2 production: SASP and CsA were also ng/ml (Fig. 1 B) . Although no data was given studied to determine their effects on the pro here, the production of IL-2 in MLR reached liferative responses induced by Con A and a maximum on day 2 during the culture period, PHA, T cell mitogents. The response was decreasing thereafter. Accordingly, effects of almost completely inhibited by SASP at a con these agents on I L-2 released into the super centration of 2 x 10-4 M or more (Fig. 3A) . natants on day 2 was studied. The IL-2 pro
The metabolites SP and 5-ASA at a concen duction was reduced 18%, 29% and 84% by tration of 5x`10-4 M or less had hardly any 1 x10-4 M, 2x10-4 M and 5x`10-4 M of effect (data not shown). CsA also showed a SASP, respectively ( Fig. 2A) . No significant dose-dependent inhibitory effect on Con A inhibition was observed by SP or 5-ASA. Table 1 . Effects of SASP and CsA on the Con A-stimulated IL-2 production the concentration range of 10 to 1000 ng/ml absence of SASP or CsA, these activated cells (Fig. 3B) . Next we studied the effects of two were incubated with the IL-2 preparation and drugs on IL-2 production stimulated with the residual IL-2 activity was titrated. As Con A (Table 1) or PHA (Fig. 4) , in which the shown in Fig. 5 , the level of IL-2 adsorption maximum responses were observed 24 hr was decreased in cells cultured in the pres after the stimulation. SASP at concentrations ence of SASP (2x10-4 M) or CsA (100 ng/ of 2 x 10-4 M and 5 x 10-4 M, which produced ml), as compared with that for control cells, more than 90% inhibition of the proliferative suggesting that both compounds inhibited responses induced by Con A or PHA, inhib IL-2 R expression. The inhibitory effect was ited IL-2 production by only 20-40% (Table more prominent for CsA than for SASP. 1). CsA at 100 ng/ml and 1000 ng/ml caused Kinetic study of inhibitory effects of SASP more than 90% inhibition. In the PHA and CsA on Con A-induced proliferative induced IL-2 production, as observed in the response: Both SASP and CsA showed a Con A-stimulation, the inhibitory action of dose-dependent inhibitory effect on the SASP was weaker than that of CsA (Fig. 4) .
proliferative responses stimulated with allo Effect of SASP and CsA on Con A-stimu antigen, Con A or PHA. IL-2 production lated expression of IL-2 R: The IL-2 R ex was strongly inhibited by CsA, whereas the pression of spleen cells activated by Con A inhibitory activity of SASP on IL-2 production was determined by the ability of the cells to was lower than that on the proliferative adsorb IL-2 activity. That is, 24 hr after the response with any stimuli. Therefore, we stimulation with Con A in the presence or attempted to elucidate the different mecha Con A or PHA, in which T cells are mainly was titrated before (V) and after adsorption for 2 hr involved, was investigated and compared on the activated cells that had been cultured with with those of CsA. As a result, it was found Con A (5 ug/ml) in the presence of medium (•), that SASP as well as CsA inhibited prolifera 2 X10-4 M SASP (0) or 100 ng/ml CsA (O) for 24 tive responses induced by three different hr and then washed twice with medium. Results are stimuli in a dose-dependent fashion . As for the mean+S.D. of triplicate sets of a typical experi IL-2 production in the above mentioned re ment in several independent studies. *: P<0.05, sponses , CsA showed a marked inhibitory **: P<0 .01, as compared with the value of the effect , whereas the inhibitory activity of SASP medium control.
was weaker than that of CsA . Furthermore, SASP and CsA decreased the expression of nisms of action of SASP and CsA. There have IL-2 R induced by Con A, and the inhibitory been several reports describing that CsA acts effect was more marked in CsA. The principal on the early stages of T cell activations and mechanism of T cell function inhibition by exerts an immunosuppressive effect (9, 19) . CsA is reported to involve the inhibition of I L Here, we determined which stage of Con A 2 and the I L-2 R system (9-13). On the other induced proliferation is affected by SASP. hand, in the case SASP, it may be difficult to SASP or CsA was added to the culture at explain the inhibitory effect only by inhibition various times of the Con A-induced prolifera of the IL-2 system. In other words, SASP ap tive response, and the inhibitory effects were pears to differ from CsA in the mechanism of (30) . The immuno duced by hIL-2 alone was lower than that by pharmacological activities of metabolites are CAS (Table 3) . A possible explanation for this still controversial. In this study, SP and 5 is that I L-2 used in this experiment, 100 U/ml, ASA were demonstrated to be not as effective may not be sufficient to maintain the prolifer as SASP in inhibiting the proliferation and IL ation or that factors other than I L-2, included 2 production in M LR. We also previously in CAS, may participate in the proliferation. described that SASP (1 X10-5-5X10-4 M) Sheldon et al. (23) reported that the delayed significantly suppressed the anti-SRBC PFC addition cf SASP to the Con A-stimulated response, and its suppressive efficacy over cells up to 46 hr after the onset of the culture whelmed that of SP or 5-ASA (8) . In agree resulted in inhibition of the response, although ment with our results, it was reported that the degree of suppression decreased with the only SASP has an inhibitory effect on the passage of time. We have also shown that mitogen-induced proliferative response using SASP is necessary in the middle of the culture lymphocytes from various species (23, 31, to inhibit the anti-SRBC PFC response (8 that SP, as well as SASP, may participate in been speculated to be as follows: The first is the anti-rheumatic action through its anti that SASP may directly prevent the binding of microbial effect or other immunopharmacolo IL-2 and IL-2 R or that SASP may inhibit gical effects (36, 37). signal transduction at some step occurring after the binding of I L-2 to IL-2 R. The second References is that SASP may strongly inhibit the produc 
